Introduction
Since the development and practical applications of log periodic and frequency independent antennas, a wide range of truly broadband antennas has been introduced to meet the varying demands imposed by specific requirements, such as area coverage and point to point circuits. Choosing and designing the right type of antenna design for use in a specific link is very critical to obtain the best link performance. To differentiate among the various antennas available, an understanding of the basic parameters of antennas performance and the ways this information can be presented is vital. The information of antenna parameters is also important for antenna design consideration in order to achieve the optimum outcome. Microstrip antennas are relatively inexpensive to manufacture and design due to the simple 2-dimensional physical geometry. They are usually utilized at ultra-high frequency (UHF) and higher frequencies because the size of the antenna is directly tied to the wavelength at the resonant frequency. It had been generally applied in wireless communication system [2] , [3] .
Microstrip Antenna
The idea of using computer-based optimization for design tasks has been applied to many problems, including antenna design [4] with some predefined limitations.
Analysis of Antenna's Performance
Information that can be retrieved from antenna was crucial in determining the performance of antenna. In this paper, the performance of the designed antenna was analyzed according to few important data.
Return Loss
The return loss indicates how much of the incident power is reflected from the antenna. It is measure in decibel (dB) unit. If 50% of the signal is absorbed by the antenna and 50% is reflected back, the return loss is -3dB. A good antenna might have a value of -IOdB (90% absorbed and 10% reflected). The return loss of an antenna is given by:
Return Loss (dB) = 10 log1o Pr (1) Bandwidth of the patch antenna can be calculated using the equation shown below:
Centre Frequency,
Percentage of Bandwidth,
(4) where fL=low frequency and fH=12. 1GHz
Phase Graph
The phase graph of an antenna illustrates the phase position in degree for a predefined frequency range. In ideal case, the phase graph of a patch antenna has the shape as shown in 
Smith Chart
Smith chart displays a sequence of normalized impedance, admittance or reflection coefficient in a circle of unity radius. It is often used to simplify the impedance matching of a transmission line with its load.
Impedance of the patch antenna at resonant frequency can be found from Smith chart. In ideal case the resonant frequency should be located at or near the middle point of the chart. Smith chart also shows the characteristic of the antenna being inductive or capacitive.
Impedance, z can be calculated using the formula, Mathcad is used to compute the calculations of box dimensions and cell size in order to draw the 8cm antenna patch accurately in Microwave Office. Mathcad computation for the 8cm patch antenna is shown in Figure 2 . The enclosure information is then entered in Microwave Office as shown in Figure 3(a) . By referring to Table 1 , the thickness and relative dielectric constant of the patch are set to 0.159cm and 2.32 respectively in Microwave Office's substrate information section, as shown in Figure 3(b) . A layer of air with thickness of 0.5cm and relative dielectric constant of 1 is added above the antenna patch. 
Return Loss Graph
Referring to Figure 6 , the return loss of the patch antenna is -28.4dB. From equation (1), this implies that 99.86% of the power is absorbed by the antenna and only 0.14% is reflected. The resonant frequency of the patch antenna designed is the frequency when the magnitude of the antenna's return loss reaches the minimum value. In this case, resonant frequency = 9.8GHz. The deep and wide dip of the curve in the return loss graph showed that the antenna has good bandwidth (spreadband). 
VSWR Graph
From the VSWR graph obtained from the simulation of equilateral triangular patch antenna with side length of 8cm as shown in Figure 6 , bandwidth can be measured by looking at the SWR -by finding the frequency range over which the VSWR is less than 2. The value of VSWR 2:1 is considered as a good bandwidth measurement for small antennas. From Figure 7 , the frequency in which the VSWR is less than 2 ranges from 9.7GHz to 9.96 GHz. In this case, low frequency, fL= 9.7GHz and high frequency, fH=9.96GHz. These frequency values are used to calculate the bandwidth of the patch antenna. Bandwidth was calculated to be 0.26GHz, centre frequency equal to 9.83GHz and percentage of 
Smith Chart
Smith chart as shown in Figure 9 displays a sequence of normalized impedance, admittance or reflection coefficient in a circle of unity radius. Impedance of the patch antenna at resonant frequency can be found from the Smith chart.
From Figure 9 , at the point where resonant frequency, fR=9.8GHz, resistance, r=50.1 and reactance, x=3.88. Acknowledgement Hence, impedance, z=50.1+j3.88 and magnitude of total impedance, |zl = 50.25Q. As the resonant frequency falls in the middle of the Smith chart, the antenna is neither inductive nor capacitive. The total impedance approximated the resistance value. The features make the antenna a near-ideal antenna.
Radiation Characteristic Chart
The radiation characteristic chart in Figure 10 showed the radiation patterns involving the variation of field or power as a function of spherical coordinated 0 and Pd for the 8cm triangular patch antenna. The mean beam and side beam of the radiation have been labeled clearly.
Comparison of Simulation Results and Calculation
From the return loss graph of Figure 6, 
